Abstract. We study an eigenvalue problem for a spin matrix arising in the Pauli Lubanski vector operator. Entanglement of the eigenvectors and its connection with degeneracy is discussed.
(1)
The eigenvalues of S 1 , S 2 , S 3 are s, s − 1, . . . , −s for a given s. We have 
and tr(S j S k ) = 0 for j = k and j, k = 1, 2, 3.
In general we have that tr(S n j ) = 0 if n is odd and tr(S s(s + 1)(2s + 1) if n is even. It follows that tr((S j S k ) ⊗ (S ℓ S m )) = 0 if j = k and ℓ = m.
The Pauli-Lubanski vector operator (see [2, 3, 4] and references therein) is given by
where µ = 0, 1, 2, 3 and the underlying metric tensor field is
The W µ (µ = 0, 1, 2, 3) are (2s + 1) × (2s + 1) matrices with
and S = (S ρλ ) denotes the (4 · (2s + 1)) × (4 · (2s + 1)) matrix
Here 0 2s+1 is the (2s + 1) × (2s + 1) zero matrix. The inverse matrix of S is given by
We also write S = T 1 + T 2 with
where T 1 is a skew-hermitian matrix and T 2 is a hermitian matrix. We study the eigenvalue problem for the matrix S and the commutators generated by T 1 and T 2 . First we note that the matrix S is nonnormal. We obtain
The trace tr(S N ) can also be found in closed form. We obtain tr(S) = 0 
The formula above shows the eigenvalues along with their multiplicity.
For spin-
we find the eight eigenvalues 1 2 (4 times),
For spin-1 we find the twelve eigenvalues 1 (5 times),
For spin- 3 2 we find sixteen eigenvalues 3 2 (6 times),
For spin-2 we find the twenty eigenvalues 2 (7 times),
For spin- Consider now the commutators and anti-commutators for T 1 and T 2 . We obtain
Furthermore we find
The anticommutator of T 1 and T 2 is [T 1 , T 2 ] + = −T 1 . We note that T 1 and T 2 are both separately normal with T *
For spin- (four times degenerate) the set of normalized linearly independent eigenvectors is given by
Applying the n-tangle introduced by Wong and Christensen ( [5, 6] ) we find that the four eigenvectors are non-entangled. For the second and fourth this also seen from the fact that the eigenvectors can be written as Kronecker products of normalized vectors in C 2 and C 4 . Now forming combinations of these vectors (which are also then eigenvectors) we find the following, where we normalize the linear combinations. 
